Abstract-In order to investigate the effects of osmotic stress on forage sorghum varieties at critical stage of germination to salinity stress. A study was conducted at the Seed Technology Laboratory of Mansoura University, Egypt during April to June 2012. Three forage sorghum cultivars (Mabrouk, Horas, Pionner-8581) were evaluated in the salinity concentrations of 0, 2, 4, 6, 8, 10, 12, 14 and 16 dSm -1 NaCl. Four parameters namely final germination percentage, germination index, energy of germination and seedling vigour index were estimated. Eight seedling characters namely shoot and root length, shoot and root foliage weight, shoot and root dry weight, seedling height reduction and relative seedling dry weight were measured. Forage sorghum cultivars significantly varied in means of final germination percentage, germination index, seedling vigor index, energy of germination, shoot and root lengths, shoot and root fresh weights, shoot and root dry weights, seedling height reduction and relative dry weight. Horas cultivar surpassed other cultivars in all of the studied characters followed by Mabrouk cultivar which came in the second rank, while Pioneer 858 cultivar came in the last rank. Pioneer 858 cultivar recorded highest values of seedling height reduction and relative dry weight followed by Mabrouk cultivar, while, Horas cultivar came in the last rank for both characters. Increasing salinity levels from 0 to 15 dSm -1 significantly decreased germination percentage, germination index, seedling vigor index, energy of germination, shoot and root lengths, shoot and root fresh weights, shoot and root dry weights and relative dry weight, the control treatment recorded the highest averages of these characters. Thus, the lowest averages of these characters were recorded with highest salinity levels i.e. 15 dSm -1 . Seedling height reduction percentage was increased significantly with increasing salinity levels from 0 to 15 dSm -1 . Results clearly showed that germination index, seedling vigor index, shoot and root lengths, shoot and root fresh weights, shoot and root dry weights, seedling height reduction and relative dry weight significantly affected by the interaction between forage sorghum cultivars and salinity concentrations. It could be concluded that Hoars cultivar was more tolerant to salinity stress followed by Mabrouk cultivars which must be put in breeding program of forage sorghum under salinity conditions.
Introduction
Seed germination is one of the significant factor that process during the stages of forage sorghum life cycle in arid and semi-arid region [11] . Seed germination and early seedling growth are dangerous stage for the establishment of plant populations under saline conditions [18] . The salinity of water and soil is one of the stress factors, especially in the regions where irrigation is unavoidable [28] . Sorghum is appropriate for providing forage because of having high producing amount in the unit of level and the more efficiency of using water, the special morphology features of this plant leads to know that as index of crop resistance to drought [9] . In terms of salinity tolerance degree it also be known as a moderately tolerant crop with the almost salinity tolerance of 6.8 dSm -1 [10] . But among varieties of one agricultural species, bearing of salinity factor can be very dissimilar. These differences in agricultural species can be important as an index for assessor salinity tolerance [12] . Seed with rapid germination under salt stress and normal conditions may be predictable to achieve a rapid seedling establishment and more salt tolerance [4] . Xiu-Ling W., et al [30] found that "Rio" and "Theis" cultivars are most salinity tolerant and "BJK236", "Mer-72-2" cultivars are most salinity sensitive among thirty-nine sweet sorghum varieties. Germination rate, germination index, germination energy, vigor index, root length and root fresh weight of sweet sorghum varieties under salt stress are significantly different from those under control. This cultivar was found to be the most tolerant cultivar. Whereas, Jitian2 cultivar was the least tolerant cultivar. Asfaw K.G. [2] indicated that accessions such as 235461, 69239, 223550, 69029 and 23403 were found to be salt tolerant, whereas, accessions 22885, 233247, 237264, 237265 and 237267 were found to be salt sensitive. El Naim A.M., et al [5] pointed out that the cultivar Wad Ahmed (V2) was found salt tolerant with respect to seedling biomass production. Kausar A., et al [16] showed that sorghum lines JS-2002 and Sandalbar were categorized as tolerant, Hegari-sorghum and JS-263 as medium tolerant while Noor as medium sensitive and FJ-115 and PSV-4 as sensitive ones. Rani C.R., et al [23] indicated that CSV-15 and HC-171 cultivars showed the utmost shoot and root lengths, and total dry weight. They also showed that there is a substantial intraspecific variation in salinity tolerance.
Salt stress adversely affects plants at all stages of their life cycle. Salinity affects seed germination by creating an external osmotic potential that prevents water uptake or due to the toxic effects of sodium and chloride ions on the germinating seed [17] . Plants differ in their ability to develop under saline conditions [10] . Salinity compact root length and plant height as the level of salt increased, however, the decrease in the length of the roots was more prominent as compared to the shoots [3, 25] . This decrease may be due to the toxic effect of NaCl as well as to an imbalance of nutrients in the plants. Low level of salinity (2 dSm -1 ) augmented seed germination percentage, while the high levels (4, 8 and 16 dSm -1 ) significantly inhibited seed germination and seedling growth i.e. shoot and root lengths and shoot and root fresh and dry weights and they added that the solidest inhibition of germination occurred at the higher salt concentrations [3, 5, 23, 26, 29] . Sadeghi H., et al [26] showed that aggregate salt concentrations reduced germination and seedling growth in all the cultivars and the extent of decrease varied with cultivars and salt concentrations. The presence of high salt concentration (10 and 12 EC), CSV-15 and HC-171 cultivars showed the utmost shoot and root lengths and total dry weight. The shoot growth of sorghum cultivar was more adversely affected compared to the root growth by salt stress. The specific objectives of this investigation were to compare tolerance levels of three forage sorghum to salinity as well as to determine the relative salinity, germination and seedling parameters responses of the forage sorghum varieties to different levels of salinity.
Materials and Methods
A laboratory experiment was carried out in Seed Science and Technology Laboratory, Agronomy Department, Faculty of Agriculture at Mansoura University during the period from April to Mai 2012. The aim of this investigation was study the response of some forage sorghum cultivars to germinate under salinity levels and to confirm the seedling growth performance for salinity tolerance among forage sorghum cultivars.
Treatments and Experimental Design
The experiment was arranged in factorial experiment in randomized complete block design (RCBD) with four replications. The experiment included two factors, the first factor included three different forage sorghum cultivars, which were obtained from department of Forage Crops, Agricultural Research Center, Ministry of Agriculture and Land Reclamations, Egypt i.e. Horas and Mabrouk The third cultivar Pioneer 858 cultivar was obtained from private seed company. All cultivars were stored under normal conditions in paper bags. The second factor included eight salt concentrations of NaCl dSm -1 includes 0, 3, 5, 7, 9, 11, 13 and 15 dSm -1 NaCl. Seeds of cultivars were surface sterilized by immersion for 5 minutes in sodium hypochlorite solution, then repeatedly washed with deionized water. Fifty seeds of uniform size in each treatment for each cultivar were allowed to germinate on a filter paper in 9 cm diameter Petri dishes. Each filter paper was moistened with a water solution at eight different NaCl concentrations. Thus, the whole experiment comprised 96 Petri dishes and Petri dishes were placed in a growth chamber for 12 days at 25 ±1 ºc for germination.
Studied Characters
After 12 days ten seedlings were selected from each replicates and then seedlings were evaluated as follows:
A. Germination Parameters

I. Final Germination Percentage (FGP):
The number of seeds germinated at the end of experiment was considered and expressed as percentage as described in the following equation [6, 24] :
II. Germination Index (GI): It was calculated according to the following equation [15] :
III. Seedling Vigor index (SVI): it was calculated using following equation [1] :
IV. Energy of germination (EG): Energy of germination was recorded at the fourth day as the percentage of germinating seeds 4 days after sowing relative to the number of seeds tested [24] .
B. Seedling Characters
I. Shoot length (cm).
II. Root length (cm).
III. Shoot fresh weight (g).
IV. Root fresh weight (g).
V. Shoot dry weight (g).
VI. Root dry weight (g).
VII. Seedling height reduction (SHR): It was calculated using the following equation [14] .
VIII.Relative dry weight (RDW): It was calculated according to the following equation [14] : 
Statistical Analysis
All data of this study were statistically analyzed according to the technique of variance (ANOVA) for factorial experiment in Randomized Complete Block Design (RCBD) as published by Gomez K.A., et al [8] by using means of "MSTAT-C" computer software package. Least Significant Differences (LSD) method was used to test the differences between treatment means at 5% and 1% levels of probability [27] .
Results and Discussion
Cultivars Performance
Results presented in [ Table- Table- 3] showed that forage sorghum cultivars a significantly affected final germination percentage (FGP), germination index (GI), seedling vigor index (SVI), energy of germination (EG), shoot and root lengths (cm), shoot and root fresh weights (g), shoot and root dry weights (g), seedling height reduction (SHR %) and relative dry weight (RDW%). Horas cultivar surpassed other cultivars in final germination percentage, germination index and seedling vigor index, energy of germination, shoot and root length (cm), shoot and root fresh weight (g), shoot and root dry weight (g) followed by Mabrouk cultivar, which came in the second rank. [7] . Salinity reduced germination parameters as the salt level was increased. The toxic effects of Na + and Cl -ions on germinating seeds affect germination percentage, germination rate, energy of germination and seedling vigour index. Salinity exerts its undesirable effects through osmotic inhibition and ionic toxicity [21] . There are reports of genetic diversity in response to osmotic stress in a wide variety of plant species, which seems at variance with a central tenet of the two-phase hypothesis of salinity resistance [20] . The differences in germination parameters due to forage sorghum cultivars may be due the genetical factors and heredity variation among the three forage sorghum cultivars. These results are in good accordance with those obtained by [2, 5, 16, 30] .
Salinity Concentrations Effect
Results in [ , respectively as the order of salinity levels compared with the control treatment. Plant for resistance against salinity increasing of proline, sugar and chlorophyll content in leaves are useful for retaining and improving of photosynthesis quality in plants [22] . Increasing salinity levels decreased germination parameter and seedling growth which is directly related to the amount of absorbed water by the seeds and the toxic effects of Na + at high salt concentrations might have caused physical damage to roots thereby decreasing their ability to absorb water and nutrient, which may resulted in poor growth [13] . Increment in salinity level caused reduction in final germination percentage FGP in most sorghum cultivars. Likewise, highest salinity levels had delayed germination (increased days of emergence). The delay was pronounced in saltsensitive accessions than in the intermediate and salt-tolerant ones which is in agreement with previous findings in sorghum [19] . These results are in agreement with those obtained by [3, 5, 23, 25, 26] .
Interaction Effects
Regarding to the interaction effects data illustrated in [Fig-1 ], [Fig-2 ], [Fig-3 ], [Fig-4 ], [Fig-5 ], [Fig-6 ], [Fig-7 ], [Fig-8 ], [Fig-9 ], clearly showed that GI, SVI, shoot and root length (cm), shoot and root fresh weight (g), shoot and root dry weight (g), SHR % and RDW % were significantly affected by the interaction between forage sorghum cultivars and salinity concentrations. Vice versa, averages of FGP and EG did not reach the levels of significant. Results clearly indicated that highest percentages of GI was produced from the control treatment in all cultivars. While, the lowest percentages of germination index was produced from the salinity level of 15 dSm -1 NaCl with sown Pioneer 858 cultivar [ Fig-1 ]. Highest seedling vigour index was produced from the control treatment, with sown Horas cultivar followed by the control treatment with Mabrouk cultivar without significant differences between them. While, the lowest values of seedling vigour index was produced from the salinity level of 13 or 15 dSm -1 NaCl with sown Pioneer 858 without significant differences between them [Fig-2 ]. In addition, sown Mabrouk cultivar and treated with highest salinity level of 15 dSm -1 NaCl also recorded the lowest values of seedling vigour index [Fig-3 ]. Horas cultivar surpassed in germination index, seedling vigour index, shoot and root length and shoot and root fresh weight under all salinity levels than the other two cultivars. Moreover, Mabrouk and Horas cultivars surpassed in root length under all salinity levels Pioneer 858 cultivar without significant differences between them [Fig-4 ], , [Fig-6 ], [Fig-7 ], [Fig-8 ], [Fig-9 ]. Increasing salinity concentrations to 15 dSm -1 NaCl and sown Pioneer 858 or Mabrouk cultivars significantly produced highest percentages of seedling height reduction as illustrated in [Fig-10 ] and lowest percentages of seedling height reduction without significant differences between them. These results are in good accordance with those obtained by [3, 5, 23, 26, 29] . 
Conclusion
It could be concluded that increasing salinity is associated with decreases in all the studied characters, germination or seedling parameters. To maximize forage sorghum germination percentage and seedling parameters under salinity stress, confirm achieving by using Horas cultivar due to its tolerance to high salinity concentrations and surpassing other cultivars in giving highest values of all the studied characters. This cultivar was more tolerant to salinity up to 15 dSm -1 NaCl and is proved to limit or reduce salinity effects on germination or growth of forage sorghums. Thus, it is recommended to use Horas cultivar in breeding programs for enhancing forage sorghum production in Egypt under saline conditions.
